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HAMMER 

This application claims the priority of U.K. Patent Application No. GB 0105547.4, 
filed March 7, 2001 and U.K. Patent Application No. GB 0125749.2, filed October 
26, 2001, the contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] This invention relates to electric hammers having an air cushion hammering 
mechanism. 

2. Descriptionof the Related Art 

[0002] Such hammers will normally have a housing and a hollow cylindrical spindle 
mounted in the housing. The spindle allows insertion of the shank of a tool or bit, 
for example a drill bit or a chisel bit, into the front end thereof so that it is retained 
in the front end of the spindle with a degree of axial movement. The spindle may 
be a single cylindrical part or may be made of two or more cylindrical parts, 
which together form the hammer spindle. For example, a front part of the spindle 
may be fomied as a separate tool holder body for retaining the tool or bit. The 
hammer is normally provided with an impact mechanism comprising a motor that 
drives a piston, which may be a hollow piston, to reciprocate within the spindle. 
The piston reciprocatingly drives a ram by means of an air cushion located 
between the piston and the ram. The impacts from the ram are transmitted to the 
tool or bit of the hammer via a beatpiece located within the spindle. 

[0003] Some hammers can be employed in combination impact and drilling mode in 
which the spindle, or a forwardmost part of the spindle, and hence the bit inserted 
therein, will be caused to rotate at the same time as the bit is struck by the beat 
piece. 

[0004] When the hammer is to be used the forward end of a tool or bit is pressed against a 
workpiece, which urges the tool or bit rearwardly within the hammer spindle. The 
tool or bit in turn urges the beatpiece rearwardly into its operating position in 
which the rearward end of the beatpiece is located within the reciprocating path of 
the ram. In the operating position the beatpiece receives repeated impacts from 
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the ram. When the hammer is in use, the forward impact from the ram is 
transmitted through the beatpiece to the bit or tool and through the bit or tool to 
the workpiece. A reflected impact is reflected from the workpiece and is 
transmitted through the bit or tool to the beatpiece. This reflected, or reverse 
impact must be absorbed within the structure of the hammer in such a way that the 
reverse impacts do not over time destroy the hammer and so that the reverse 
impacts are not transmitted to the end user. 

[0005] When the user takes the tool or bit of the hammer away from the workpiece, the 
next forward impact of the ram on the beatpiece urges the beatpiece forwardly 
into its idle mode position. The beatpiece can move forwardly and stay forwardly 
because the tool or bit is no longer urging it rearwardly, because the tool or bit 
also assumes a forward idle mode position. Because the beatpiece does not now 
offer much resistive force against the ram, the ram also moves into a forward idle 
mode position. In the idle mode position of the ram, the air cushion is vented and 
so any further reciprocation of the piston has no effect on the ram. This forward 
movement of the components on entry into idle mode generates the greatest, 
impact forces on the structure of the hammer, in particular on the hammer spindle. 
This is because the forward impact force of these parts on entry into idle mode is 
not transferred to the workpiece, but has to be absorbed by structure of the 
hammer itself Thus, the number of idle strikes, ie. the number of reciprocations 
of the ram, beatpiece and tool or bit, when the bit or tool is removed from the 
workpiece need to be minimised in order to minimise the number of high impact 
force idle strikes that have to be absorbed by the structure of the hammer. This is 
generally achieved by catching the ram and/or the beatpiece in their idle mode 
positions so that they cannot slip rearwardly to cause the ram to move into a 
position in which the air cushion is closed and the ram and thus the beatpiece 
begin to reciprocate again. 

[0006] In order for the maximum impact to be transmitted from the ram to the tool or bit, 
via the beatpiece, the beatpiece must be co-axial with the spindle. Thus, high 
efficiency is achieved if the reciprocating movement of the beatpiece within the 
spindle is guided to ensure good axial alignment with the axis of the spindle. 
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[0007] Hammers are necessarily operated in very dusty and dirty environments. If dust 
gets into the spindle of the hammer it can cause abrasion between the 
reciprocating parts and, in particular, can cause seals between the ram and the 
spindle to become worn. Wearing of the seal around the ram will cause the air 
cushion to deteriorate, which will eventually lead to impacts occurring between 
the beatpiece and the ram which can seriously damage the hammer. Therefore, a 
further issue in the longevity of the working life of a hammer is its sealing against 
dust. The reciprocation of parts within the spindle can draw dust re£^rwardly 
inside the hammer spindle, where damage can be caused. 

[0008] Attempts to solve these problems have been made and examples of the resulting 
hammer arrangements are known from US4,476,941 and DEI 96 21 610. 

[0009] The arrangement in US4,476,941 has a complicated multi-part spindle 
arrangement with a first sleeve for guiding a rearward reduced diameter portion of 
the beatpiece, which sleeve extends from the inside to the outside of the spindle, 
between two spindle parts. The impact of the beatpiece on entry into idle mode is 
absorbed by a second sleeve, located forward of the first and within al different 
one of the spindle parts. The second sleeve also guides a forward increased 
diameter portion of the beatpiece. The arrangement in US4,476,941 has a 
problem with dust ingress, in particular during periods when a tool or bit is 
removed from the tool holder of the hammer, into the portion of the forward 
sleeve where the beatpiece is guided. This problem is exacerbated by the 
pumping nature of the increased diameter portion of the beatpiece which is guided 
within the second sleeve. The small amount of axial support for the first sleeve 
which is mounted between spindle parts, along with usual tolerance limitations for 
component parts could lead to a reduced accuracy of axial guiding of the 
beatpiece by the sleeves. The design in US4,476,941 results in a complicated 
multi-part spindle, beatpiece guiding and damping structure, with the associated 
assembly problems and cost implications. 
[0010] The arrangement in DEI 96 21 610 overcomes some of the problems discussed 
above, but still has the disadvantage of a relatively complex three part spindle 
arrangement, having sleeves for beatpiece guiding mounted arid guided in 
different spindle parts. Again the usual tolerance issues between spindle parts can 

-3- 



Attorney Docket No. P-US-PR-1066 

reduce the accuracy with which the beatpiece is guided and complicates the 
sealing of dust from the inside of the spindle. Again the design in DEI 96 21 610 
has a complicated multi-part spindle, beatpiece guiding and damping structure, 
with the associated assembly problems and cost implications. 

SUMMARY OF THE INVENTION 

[0011] The present invention aims to provide a beatpiece guiding and damping 
arrangement which solves all of the problems discussed and which results in a 
relatively simple and easy to assemble structure. 

[0012] According to the present invention there is provided an electrically powered 
hammer comprising: 

[001 3] a hollow spindle having a reduced diameter tool holder portion at its forward end 
in which a tool or bit can be releaseably mounted for limited reciprocation, within 
which spindle is reciprocatingly mounted a piston iEind a ram of an air cushiori 
hammering mechanism; 

[0014] a beatpiece having an increased diameter mid-portion, which beatpiece is located 
within the spindle between the ram and the tool or bit for transmitting repeated 
impacts from the ram to the tool or bit; and 

[0015] a two part sleeve arrangement located within the spindle and having an increased 
intemal diameter mid-portion for receiving the increased diameter portion of the 
beatpiece and a reduced intemal diameter forward and rearward portion for 
guiding the forward and rearward ends respectively of the beatpiece in all working 
positions of the beatpiece, 

[0016] characterised in that the sleeve arrangement is formed by a forward sleeve and a 
rearward sleeve which are both guided with tight radial tolerances and with a 
slight axial play within and by the same one piece spindle part and in which the 
forward axial movement of the forward sleeve is limited by a reduced intemal 
diameter portion of the spindle and the forward axial movement of the rearward 
sleeve is limited by the forward sleeve. 

[0017] The sleeve arrangement according to the present invention enables easy assembly 
of the sleeves and beatpiece and associated components, as a sub-assembly, within 
a single spindle component part. It also enables simple sealing of the inside of the 
spindle from dust, as the sleeve arrangement itself forms an effective barrier to 
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dust ingress. In addition, the sleeve arrangement facilitates a reduction in the 
intensity of impacts on the structure of the hammer on entry into idle mode and 
catching of the ram and beatpiece in idle mode. On entry into idle mode, the 
increased diameter portion of the beatpiece hits the forward sleeve and imparts 
forward momentum to the forward sleeve and itself moves rearwardly, but with 
relatively low momentum thus facilitating catching of the beatpiece and/or ram. 
Due to the slight axial play of the sleeve arrangement within the spindle, on entry 
into idle mode a small gap is located or generated between the front of the forward 
sleeve and the reduced internal diameter portion of the spindle. When the 
beatpiece hits the forward sleeve the forward sleeve moves forwardly to close the 
gap and impact the reduced diameter portion of the spindle. The reflected impact 
from this collision of the front sleeve causes the front sleeve to then move 
rearwardly, but not with sufficient speed to impact the beatpiece. Instead the 
rearward momentum for the forward sleeve is absorbed by a collision with the 
rearward sleeve, and can be transmitted thereby to the spindle. Thus, the only a 
small part of the reflected impact from collisions taking place within the spindle 
on entry into idle mode is transmitted to the beatpiece. As will be described 
below, the two part sleeve arrangement enables additional advantages to be 
achieved in an easy to assemble sub-assembly. 
[0018] As well as the sleeve arrangement itself forming a barrier to the ingress of dust 
into the interior of the spindle, an annular seal can be located between the 
beatpiece and said one piece spindle part, in front of the sleeve arrangement. 
Alternatively, an annular seal can be located between the beatpiece and the 
forward end of the forward sleeve, and this seal may be recessed within the 
forward end of the forward sleeve. In this way the beatpiece is guided within the 
sleeve arrangement in a dust free region of the spindle. In addition an annular seal 
can be located between the forward sleeve and said one piece spindle part. Thus, 
the arrangement according to the present invention enables the interior of the 
spindle to be effectively sealed from the ingress of dust by simple annular seals, 
such as rubber O-ring seals. 
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[0019] The sleeve arrangement can be arranged to enclose the mid-portion of the 
beatpiece to form a self-contained sub-assembly, which is assembled into said one 
piece spindle part. This provides a simple assembly procedure. 

[0020] In order to reliably catch the beatpiece and/or ram in its forward position on entry 
into idle mode the mass of the front sleeve preferably is less than or equal to the 
mass of the beatpiece. In a preferred embodiment the mass of the front sleeve is 
less than half of the mass of the beatpiece. 

[0021] In one preferred embodiment of the present invention the beatpiece has a second 
increased diameter portion, rearward of the first, which second portion is 
engageable with a resilient beatpiece catching ring. The ring is mounted 
preferably within the rearward sleeve and is arranged to catch the beatpiece iii a 
forward position in idle mode, by limiting the rearward movement of the second 
increased diameter portion during idle mode. The inclusion of the beatpiece 
catching arrangement in the sleeve arrangement, again simplifies assenibly as the 
beatpiece catching ring can be pre-assembled in a sleeve arrangement sub- 
assembly, which sub-assembly is then assembled into said one piece spindle part. 

[0022] An annular gap is formed between the peripheral surface of the increased external 
diameter portion of the beatpiece and increased internal diameter portion of the 
sleeve arrangement. Thus, as the beatpiece reciprocates within the sleeve 
arrangement, grease is free to move around the increased diameter portion of the 
beatpiece and the reciprocation of the beatpiece is less likely to cause dust to 
travel rearwardly along the spindle. 

[0023] In one preferred embodiment of the present invention a metal beatpiece impact 
ring is mounted in the rearward sleeve behind the rearward facing surface of the 
increased diameter portion of the beatpiece for absorbing reverse itnpacts from the 
beatpiece and transmitting the impacts to the rearward sleeve during normal use of 
the hammer. This enables efficient transmission of reverse impacts from the 
beatpiece during normal operation of the hammer. Again the impact ring can be 
assembled into a sleeve arrangement sub-assembly, before assembly of the sub- 
assembly into said one piece spindle part, thus facilitating efficient assembly 
procedures. In addition, a damping ring may be mounted in the rearward sleeve 
behind the impact ring for damping the impacts transmitted from the impact ring 
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to the rearward sleeve. Preferably, the beatpiece damping ring and the beatpiece 
catching ring are formed by the same component. 

[0024] The reverse impacts from the beatpiece in normal use of the hammer are 
efficiently transmitted from the increased diameter portion of the hammer to the 
spindle via the rearward sleeve. In one preferred embodiment a resilient O-ring is 
located between a rearward facing external shoulder of the rearward sleeve and a 
fixing for axially limiting the rearward movement of the rearward sleeve within 
said one piece spindle part and during normal operation of the hammer, the 
increased diameter portion of the beatpiece repeatedly abuts a forward facing 
internal shoulder of the rearward sleeve. Thus, the reverse impacts are transmitted 
from the beatpiece to the rearward sleeve and are then damped by the O-ring 
before being transmitted to the spindle via the fixing. Thus, the intensity of the 
reverse impacts from the beatpiece which are transmitted to the spindle is reduced. 

[0025] In one preferred embodiment of the present invention a resilient O-rJng located 
between a first forward facing shoulder of the forward sleeve and a first rearward 
facing shoulder of the spindle urges the forward sleeve into a rearward position 
within the spindle to open up a gap between a foru'ard facing part of the forward 
sleeve and a rearward facing part of the spindle, which gap is closed by forward 
movement of the sleeve on entry into idle mode of the hammer. 

[0026] The present invention enables simplification of the spindle structure and the 
hollow spindle may be formed as a single component. Alternatively, the hollow 
spindle may be formed as two components, for example when it is desired to 
remove and/or rotate a forward tool holder portion of the spindle from and/or with 
respect to a rearward portion of the spindle. In particular, a first spindle 
component may house the piston, ram and beatpiece and a second component may 
form a tool holder which is removable from the first component. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Three embodiments of a hammer according to the present invention will now be 
described by way of example, with reference to the accompanying drawings in 
which: 

[0028] Figure 1 is a partially cut away side cross-sectional elevation of a demolition 
hammer; 
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[0029] Figure iZ is a partially cut away side cross sectional elevation of part of the spindle 

of the demolition hammer of Figure 1 incorporating the present invention; 
[0030] Figure 3 is a partially cut away side cross-sectional elevation of a portion of a 

spindle of a rotary hammer incorporating the present invention; and 
[0031] Figure 4 is a partially cut away side cross-sectional elevation of a portion of a 
spindle of a rotary hammer incorporating the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0032] A preferred embodiment according to the present invention will be described 

hereinafter with reference to the attached drawings. 
[0033] The hammer shown in Figure 1 comprises an electric motor (2), an intermediate 
gear arrangement (14, 20) and a crank drive arrangement (30-36) which are 
housed within a metal gear housing (not shown) surrounded by a plastic housing 
(4). A rear handle housing incorporating a rear handle (6) and a trigger switch 
arrangement (8) is fitted to the rear of the housing (4). A cable (not shown) 
extends through a cable guide (10) and connects the motor to an external 
electricity supply. Thus, when the cable is connected to the electricity supply and 
the trigger switch arrangement (8) is depressed the motor (2) is actuated to 
rotationally drive the armature of the motor. 
[0034] A hollow cylindrical spindle (40) is mounted within the hammer housing. A 
piston (38) and a ram (58) are located within the spindle. The motor (2) drives a 
crank plate (30) via an intermediate gear arrangement (14, 20). The crank-plate 
(30) reciprocatingly drives the piston (38) within the rearward part of the spindle 
(40) via a crank arm (34) and trunnion (36) arrangement, as is well known in the 
art. An O-ring seal (42) is fitted in an annular recess formed in the periphery of 
the piston (38) so as to form an airtight seal between the piston (38) and the 
internal surface of the hollow spindle (40). 
[0035] Thus, when the motor (2) is actuated, the arm.ature pinion (3) rotatingly drives the 
intermediate gear arrangement (14) which rotatingly drives the crank drive spindle 
(22) via the drive gear (20). The drive spindle rotatingly drives the crank plate 
(30) and the crank arm arrangement comprising the crank pin (32), the con-rod 
(34) and the trunnion pin (36) convert the rotational drive from the crank plate 
(30) to a reciprocating drive to the piston (38). In this way the piston (38) is 
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reciprocatingly driven back and forth along the hollow spindle (40), when the 
motor (2) is actuated by depression of the trigger switch (8). 
[0036] The ram (58) is located within the hollow spindle (40) forwardly of the piston (38) 
so that it can also reciprocate within the hollow spindle (40). An O-ring seal (60) 
is located in a recess formed around the periphery of the ram (58) so as to form an 
airtight seal between the ram (58) and the spindle (40). In the rearward operating 
position of the ram (58), with the ram located rearward of venting bores (not 
shown) in the spindle a closed air cushion (44) is formed between the forward face 
of the piston (38) and the rearward face of the ram (58). Thus, reciprocation of 
the piston (38) reciprocatingly drives the ram (58) via the closed air cushion (44). 
When the hammer enters idle mode (ie. when the hammer bit is removed from a 
workpiece), the ram (58) moves forwardly, past the venting bores. This vents the 
air cushion and so the ram (58) is no longer reciprocatingly driven by the piston 
(38) in idle mode, as is well known in the art, 
[0037] Figure 2 shows in more detail the hollow spindle (40) of the hammer of Figure 1. 

The hollow spindle (40) is formed in two parts, a rearward part (40a) which 
houses the piston (38) and the ram (58) and a forward part (40b) which reduces in 
diameter in a stepped manner in the forward direction. The rearward part (40a) of 
the spindle is non-rotatably mounted in the hammer. The forward part (40b) of 
the spindle is rotatably mounted in a flange (1) which is bolted to a metal casing 
surrounding the rearward part of the spindle (40a). 
[0038] A bit or tool (68) can be releasably mounted, by means of a tool holder 
arrangement (66) within the forward reduced diameter portion of the forward 
spindle part (40b) so that the bit or tool (68) can reciprocate to a limited extent 
within the forward spindle part. A beatpiece (64) is mounted within the forward 
spindle part (40b) between the ram (58) and the tool or bit (68) and is supported 
and guided by a pair of sleeves (7, 9), which are mounted and guided within the 
forward spindle part (40b). In the upper half of Figure 2, the tool or bit (68), 
beatpiece (64) and ram (58) are shown in their rearward operating position and in 
the lower half of Figure 2, they are shown in their forward idle mode position. 
When the ram (58) is in its operating mode and is reciprocatingly driven by the 
piston (38) the ram repeatedly impacts the rean\'ard end of the beatpiece (64) and 
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the beatpiece (64) transmits these impacts to the rearward end of the bit or tool 
(68) as is known in the art. These impacts are then transmitted by the bit or tool 
(68) to the material being worked. 
[0039] The beatpiece (64) is formed with two increased external diameter regions, a 
forward region (64a) and a rearward beatpiece catching region (64b). A two part 
sleeve arrangement (7, 9) is used to guide the beatpiece (64) within the forward 
spindle part (40b). The forward sleeve (7) is fomied as a hollow cylinder and has 
a forward reduced intemal diameter guiding portion (7a), which fits around and 
guides a forward reduced external diameter portion of the beatpiece (64). The 
rearward sleeve (9) is also formed as a hollow cylinder and has a rearward 
reduced intemial diameter guiding portion (9a) which fits around and guides a 
rearward reduced extemal diameter portion of the beatpiece (64). The external 
peripheries of the sleeves (7, 9) have close radial tolerances with the cooperating 
intemal surface of the forward spindle part (40b) and the two guiding portions (7a, 
9a) are widely axially spaced. Thus, the axial guiding of the beatpiece (64) is very 
accurate, so that the beatpiece (64) reciprocates with its axis co-axial with the axis 
of the forward spindle (40b). This greatly improves the efficiency with which 
impacts are transmitted by the beatpiece from the ram (58) to the tool or bit (68). 
[0040] It is common for beatpieces to be guided around their increased diameter regions. 
Guiding around the reduced diameter portion enables the beatpiece (64) to be 
designed to be non-pumping. The forward sleeve (7) and the beatpiece (64) are 
dimensioned so that there is an annular gap between the outer surface of the 
forward increased diameter portion (64a) of the beatpiece and the inner surface of 
the increased diameter portion of the sleeve (7). Thus, as the beatpiece (64) 
reciprocates, grease is free to move between a region in front of the increased 
diameter portion (64a) and a region behind the increased diameter portion (64a) of 
the beatpiece. Thus, reciprocation of the beatpiece (64) does not pump grease 
forwardly and rearwardly. The pumping of grease rearwardly in the spindle can 
cause dust to be pumped rearwardly also. The rearward movement of dust within 
the spindle is undesirable as it can cause abrasion between reciprocating parts. 
[0041] The rearward sleeve (9) contains a resilient beatpiece catching ring (15), which is 
formed with a reduced diameter portion (15a) having an intemal diameter which is 
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less than the external diameter of the rearward increased external diameter portion 
(64b) of the beatpiece. The rearward increased diameter portion (64b) of the 
beatpiece can move past the beatpiece catching ring (IS) if the beatpiece can 
apply a force to great enough to deform the ring (15) sufficiently for the increased 
diameter portion (64b) of the beatpiece to pass over the reduced diameter portion 
(15a) of the beatpiece catching ring. 

[0042] The front sleeve (7) has a mass, which is approximately 2.3 times less than the 
mass of the beatpiece (64). A rubber O-ring (11) is located in front of a radially 
outwardly directed flange (7b) at the rear of the sleeve (7) and a rearwardly 
directed internal shoulder of the forward spindle part (40b). The O-ring acts to 
maintain a small gap (13) between a slanting forward facing annular surface (7c) 
of the sleeve (7) and a slanting rearwardly facing internal shoulder of the forward 
spindle part (40b) during normal operation of the hammer. 

[0043] On entry into idle mode (bottom half of Figure 2) as the beatpiece (16) moves into 
its forwardnriost position. The beatpiece has sufficient forward momentum to 
cause the beatpiece catching ring (15) to deform so that the increased diameter 
portion (64b) of the beatpiece can move forwardly past the reduced diameter 
portion (15a) of the ring (15). The deformation of the ring (15) will absorb some 
of the forward movement of the beatpiece (64). The forward increase diameter 
portion (64a) of the beatpiece impacts a rearward facing internal shoulder (7d) of 
the forward sleeve (7), thus transferring its forward momentum to the front sleeve 
(7). The reflected momentum from the sleeve (7) causes the beatpiece (64) to 
then move rearwardly, but not with sufficient force for the rearward increased 
diameter portion (64b) of the beatpiece to move rearwardly past the beatpiece 
catching ring (15). 

[0044] The front sleeve (7) on being impacted by the beatpiece (64) moves forwardly to 
close the gap (13) and transfers its forward momentum to the spindle part (40b). 
The reflected momentum from the spindle part (40b) causes the sleeve (7) to 
move rearwardly, but not with sufficient speed to catch up with the beatpiece (64). 
The rearward momentum from the front sleeve (7) is transferred to the rear sleeve 
(9). Thus, the reflected momentum of the forward sleeve (7) is not transmitted to 
the beatpiece, which remains caught in its idle mode position by the. beatpiece 
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catching ring (15). It should be noted that the O-ring (11) has only a marginal 
damping effect on the forward movement of the forward sleeve (7) and on entry 
into idle mode substantially all of the forward impact from the sleeve (17) is 
transmitted to the spindle part (40b). 
[0045] Thus, on entry into idle mode the beatpiece is effectively caught in its forward idle 
mode position by the beatpiece catching ring (15). This means that the beatpiece 
(64) cannot move reanvardly to impact the ram (58), which could cause the ram to 
move reanvardly out of its idle mode position. The ram (58) is caught in .its idle 
mode position by a ram catching O-ring (17) which engages an increased diameter 
portion (58a) of the ram. Thus, the ram (58) is prevented from returning to its 
operating position in idle mode and so potentially damaging idle mode impacts are 
avoided. 

[0046] When a user wishes to use the hammer again, the tool or bit (68) is pressed against 
a working surface and so the tool or bit is urged rearwardly in the spindle part 
(40b) to urge the beatpiece (64) rearwardly, to release it from the beatpiece 
catching ring (15). The beatpiece (64) urges the ram (58) rearwardly and out of 
the ram catcher (17) to close the vents and form a closed air cushion between the 
piston (38) and the ram (58). Thus, when the user actuates the trigger switch (8) 
of the hammer the piston (38) is reciprocatingly driven in the spindle part (40a) 
and the ram (58) follows the reciprocation of the piston due to the closed air 
cushion and hammering occurs. 

[0047] In addition the rearward sleeve (9) houses a metal beatpiece damping ring (48) for 
absorbing reflected impacts to the beatpiece (64) during operation of the hammer, 
which impacts are damped by the resilient beatpiece catching ring (15). The 
damping ring (48) is located within the sleeve arrangement between the forward 
increased diameter portion (64a) of the beatpiece and the resilient ring (15) and 
absorbs the impacts transmitted to the rearward sleeve (9) in use of the hammer 
(top half of Figure 2). The reflected impacts, which are transmitted from the 
working surface, via the tool (68) to the beatpiece (64) are damped by the resilient 
ring (15) before they are transmitted to the rearward sleeve (9). The damped 
rearwardly directed impacts from the beatpiece (64) are transmitted via the 
cormecting part (5) to the rear spindle part (40a). 
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[0048] The two part sleeve arrangement (7, 9) has a seal (21) located forwardly of it for 
sealing around between beatpiece (64) and the forward spindle part (40b). This 
seals around the beatpiece against dust entering the part of the spindle (40a, 40b) 
behind the seal (21) and against grease leaving the part of the spindle behind the 
seal (21). As the seal (21) is located forwardly of the sleeve arrangement (7, 9) 
the guiding of the beatpiece (64) using guiding portions (7a, 9a) is done entirely 
within the grease filled region of the spindle part (40b). Furthermore, the sleeve 
(7, 9), O-ring (30), damper (48) and beatpiece catching ring (15) fill the space 
between the beatpiece (64) and the spindle part (40b) and so provides a physical 
barrier to the ingress of dust. 

[0049] The guiding of the rearward portion of the beatpiece (64) by the guiding region 
(9a) of the rearward sleeve (9) is very close to the rearward end of the beatpiece. 
In the arrangement in Figure 1 the greatest distance between the rearward guiding 
portion (9a) and the rearward end of the beatpiece is minimised to be little more 
than the length of stroke of the beatpiece, as can bee seen by comparing the upper 
and lower halves of Figure 2, When the ram (58) hits the beatpiece (64), the 
impact force has a small radial component, which generates a moment between 
the rearward end of the beatpiece and the most rearward part of the beatpiece that 
is guided. This moment is therefore minimised, thus reducing the stress on the 
beatpiece. 

[0050] The sleeves (7, 9) are mounted within the spindle part (40b) with close tolerances 
between the external surfaces of the sleeves and the internal surface of the spindle. 
However, the sleeves (7, 9) are mounted so as to be able to have a limited axial 
movement within the spindle, as described above. Forward movement of the front 
sleeve (7) is limited by the resilient O-ring (11) and by the rearward facing 
internal shoulders of the spindle part (40b). The forward end of the rearward 
sleeve (9) abuts the rearward end of the forward sleeve (7) and rearward 
movement of the rearward sleeve (9) is limited by the connecting part (5) located 
between the rearward end of the forward spindle part (40b) and the forward end of 
the rearward spindle part (40a). It can be seen that the two part sleeve design 
described above and shown in Figure 2 facilitates easy assembly of the beatpiece 
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(64), sleeves (7, 9) and other associated components from the rearward end within 
the forward spindle part (40b). 

[0051] Figures 3 and 4 show two different embodiments of the forward part of the spindle 
of a rotary hammer, with like parts to Figures 1 and 2 identified with like 
numerals. The rotary hammer is of the type having a wobble drive to a hollow 
piston. The hollow piston (38) reciprocates within the rearward part (40, 40a) of a 
one or two part spindle (40, 40a, 40b) and the ram (58) reciprocates within the 
hollow spindle, with the closed air cushion formed within the hollow piston, 
behind the ram. Such hammers are known in the art. 

[0052] In Figure 3 the beatpiece (64) and ram (58) are shown in their rearward operating 
position. The hollow spindle (40) is formed in two parts, a rearward part (40a) 
which houses the piston (38) and the ram (58) and a forward part (40b) which 
reduces in diameter in a stepped manner in the forward direction. The rearward 
part (40a) of the spindle is rotatably mounted in the hammer. The rearward end of 
the forward part (40b) of the spindle is mounted within the forward end of 
rearward part (40a) of the spindle, in a releaseable manner. A bit or tool (not 
shown) can be releasably mounted, by means of a tool holder arrangement (66) 
within the forward reduced diameter portion of the forward spindle part (40b) so 
that the bit or tool can reciprocate to a limited extent within the forward spindle 
part. A beatpiece (64) is mounted within the rearward spindle part (40a) between 
the ram (58) and the tool or bit (68) and is supported and guided by a pair of 
sleeves (7, 9), which are mounted and guided within the rearward spindle part 
(40a). As the forward spindle part (40b) is removable the sleeve arrangement is 
mounted within and is guided within the rearward spindle part (40a). When the 
ram (58) is in its operating mode and is reciprocatingly driven by the piston (38) 
the ram repeatedly impacts the rearward end of the beatpiece (64) and the 
beatpiece (64) transmits these impacts to the rearward end of the bit or tool (68) as 
is known in the art. These impacts are then transmitted by the bit or tool (68) to 
the material being worked. 
[0053] The beatpiece (64) is formed with one increased external diameter region (64a). 

A two part sleeve arrangement (7, 9) is used to guide the beatpiece (64) within the 
rearward spindle part (40a). The forward sleeve (7) is formed as a hollow 
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cylinder and has a forward reduced internal diameter guiding portion (7a), which 
fits around and guides a forward reduced external diameter portion of the 
beatpiece (64). The rearward sleeve (9) is also formed as a hollow cylinder and 
has a rearward reduced intemal diameter guiding portion (9a), which fits around 
and guides a rearward reduced external diameter portion of the beatpiece (64). 
The two guiding portions (7a, 9a) are widely axially spaced and so the axial 
guiding of the beatpiece (64), so that the beatpiece (64) reciprocates with its axis 
co-axial with the axis of the spindle (40a), is very accurate. This greatly improves 
the efficiency with which impacts are transmitted by the beatpiece from the ram 
(58) to the tool or bit (68). 

The sleeves (7, 9) and the beatpiece (64) are dimensioned so that there is an 
annular gap between the outer surface of the increased external diameter portion 
(64a) of the beatpiece and the inner surface of the increased intemal diameter 
portions of the sleeves (7, 9). Thus, as the beatpiece (64) reciprocates, grease is 
free to move between a region in front of the increased diameter portion (64a) and 
a region behind the increased diameter portion (64a) of the beatpiece. Thus, 
reciprocation of the beatpiece (64) does not pump grease forwardly and 
rearwardly. 

A ram catching sleeve (23) is located within the spindle part (40a) behind the 
rearward sleeve (9), partially surrounding the rearward end of the rearward sleeve 
(9). The ram catching sleeve has a radially inwardly directed flange (63) formed 
at its rearward end the forward face of which is spaced from the rearward end (9a) 
of the rearward sleeve (9). In this space is located a resilient O-ring (17) for 
catching the ram in its idle mode position. On entry into idle mode the forward 
reduced diameter portion of the ram (58) moves forwardly into the rearward end 
of the ram catching sleeve (23) and an annular nub (58a) formed at the front of the 
reduced diameter portion of the ram (58) the ram is caught in front of the resilient 
O-ring (17). 

The front sleeve (7) has a mass, which is substantially the same as the mass of the 
beatpiece (64). A slight axial play in the location of the sleeves (7, 9) within the 
spindle part (40a) enables a gap (13) to be created between a forward facing 
annular surface (7c) of the sleeve (7) and a rearwardly facing end face (41) of the 
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forward spindle part (40b). During normal operation of the hammer, the gap (13) 
may or may not exist depending on the position of the forward sleeve (7). On 
entry into idle mode, if there is no gap (13), when the first idle strike occurs, then 
due to the rearward movement of the sleeve (7) due to reflected momentum from 
its impact with the spindle part (40b) during the first idle strike, the gap (13) will 
exist when the second idle strike occurs. 

With the gap (13) existing, on entry into idle mode, the ram (58) moves into its 
forward position, in which it is caught in the ram catching O-ring (17). The 
beatpiece (64) moves into its forwardmost position and the increase diameter 
portion (64a) of the beatpiece impacts a rearward facing internal shoulder (7d) of 
the forward sleeve (7), thus transferring its forward momentum to the front sleeve 
(7). The reflected momentum fi-om the sleeve (7) causes the beatpiece (64) to 
then move rearwardly, but not with a sufficient momentum for the beatpiece (64) 
to impact the ram (38) with sufficient force to dislodge the ram (58) from the ram 
catching O-ring (17). 

The front sleeve (7) on being impacted by the beatpiece (64) moves forwardly to 
close the gap (13) and transfers its forward momentum to the rearward end face 
(41) of the spindle part (40b). The reflected momentum from the spindle part 
(40b) causes the sleeve (7) to move rearwardly, but not with sufficient speed to 
catch up with the beatpiece (64). The rearward momentum from the front sleeve 
(7) is transferred to the rear sleeve (9) and fi"om the rear sleeve (9) to the spindle 
part (40a) via the damping ring (25), ram catching sleeve (23) and the snap ring 
(27). Thus, the reflected momentum of the forward sleeve (7) is not transmitted to 
the beatpiece, which remains caught in its idle mode position by the ram (58). 
Thus, on entry into idle mode the beatpiece and ram are caught in their forward 
idle mode position by the raim catching ring (17). This means that the ram (58) 
cannot move rearwardly out of its idle mode position. Thus, the ram (58) is 
prevented from returning to its operating position in idle mode and so further 
potentially damaging idle mode impacts are avoided. 

When a user wishes to use the hammer again, the tool or bit (68) is pressed against 
a working surface and so the tool or bit is urged rearwardly in the spindle part 
(40b) to urge the beatpiece (64) rearwardly, the beatpiece (64) urges the ram (58) 
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rearwardly and out of the ram catcher (17) to close the vents and form a closed air 
cushion between the piston (38) and the ram (58). Thus, when the user actuates 
the trigger switch (8) of the hammer the piston (38) is reciprocatingly driven in the 
spindle part (40a) and the ram (58) follows the reciprocation of the piston due to 
the closed air cushion and hammering occurs. 
[0061] In addition the rearward sleeve (9) acts to damp reflected impacts to the beatpiece 
(64). during operation of the hammer. A resilient O-ring (25) is located between a 
radially outwardly directed flange (9c) of the rearward sleeve (9) and the forward 
end face of the ram catching sleeve (23). The ram catching sleeve (23) is held 
against rearward movement within the spindle part (40a) by a snap ring (27). The 
O-ring (25) damps the reflected impacts which are transmitted from the working 
surface, via the tool (68) to the beatpiece (64). The beatpiece (64) transmits these 
impacts to the sleeve (9), which transmits the impacts via the damping ring (25), 
which damps the impacts, via the sleeve (23) and snap ring (27) to the spindle part 
(40a). 

[0062] The two part sleeve arrangement (7, 9) has a seal (21) recessed within the forward 
end of the front sleeve (7) for sealing around the beatpiece (64), The O-rings (25) 
and (29) act to form a seal between the exterior of the sleeves (7, 9) and the 
internal surface of the spindle part (40a). This seals around the beatpiece against 
dust entering the part of the spindle part (40a) behind the seals (21, 25, 29) and 
against grease leaving the part of the spindle behind the seals (21, 25, 29). As the 
seal (21) is located at the forward end of the sleeve arrangement (7, 9) the guiding 
of the beatpiece (64) using guiding portions (7a, 9a) is done within the grease 
filled region of the spindle part (40a). Furthermore, the sleeves (7, 9) and 
beatpiece (64) fill the space between the beatpiece (64) and the spindle part (40a) 
and so provide a physical barrier to the ingress of dust. 

[0063] The sleeves (7, 9) are mounted within the spindle part (40a) with close tolerances 
between the radially outermost parts of the sleeves and the internal surface of the 
spindle. However, the sleeves (7, 9) are mounted so as to be able to have a limited 
axial movement within the spindle, as described above. Forward movement of the 
front sleeve (7) is limited by the rearward end face of the spindle part (40b). The 
forward end of the rearward sleeve (9) abuts the rearward end of the forward 
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sleeve (7) and rearward movement of the rearward sleeve (9) is limited by the ram 
catching sleeve (23) and snap ring (27). It can be seen that the two part sleeve 
design described above and shown in Figure 3 facilitates easy assembly of the 
beatpiece (64), sleeves (7, 9) and other associated components from the rearward 
end within the forward spindle part (40a). 
[0064] The arrangement in Figure 4 is similar to that shown in Figure 3, except that the 
spindle (40) is a single piece with a forward end having a stepped reduced 
diameter portion acting as a tool holder for a tool or bit (68). Therefore, the 
forward movement of the forward sleeve (7) is limited by a rearward facing 
internal shoulder (31) formed in the spindle (40). The top half of Figure 4 shows 
the hammer components in their idle mode position, with the ram (58) caught in 
the ram catching O-ring (17). The bottom half of Figure 4 shows the hammer 
components in their operating positions. 
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